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mm 1 ] nmmmmmt pmm<mm# 
H£©ra«c2&£f ssi4Ji«*ru vssmitvi*m#m 

*-:*W8»ifiK©ffii>$&-© p S!g{b%¥igf*II £ 

[M#« 2 ] ma*-© p Mb^sstti©^** 
o. u mtiT-c* s c £ zimm 1 tCfBiK 

mms ] maiEW* 1 - » *iw*j:»4**ttc 

[»W©SMB&3Hin 
[0001] 

mm±.(ommm) *$mK%yt9<<*- v <le 
d) . u— yy-f*-F (ld) gicmstizmt® 

( I n.A UGa,...»N. O^a. O^b. a+b 

jg£ pmmitm^mwmtoMiamm^tiifzfA 

[0002] 

**~#&«:iWfrr*LED. LD3?© 
JBtJR^OtmtL-caaft*** (In.Al.Ga 
,—»N, 0£a. 0£b. a+b£ 1 ) ffifthtlXV*. 

&*\tc®¥®mmzm^x> 1993^1 

&1 cd©#feLED£lt«U 1 9 94*M^Kftg 
2 c d©#&feLED£2Sf§l,. 1 9 9 4*£1 0£&Ctt 
^tS2 c dOteLED4^il/fe. C*i6CLEDIi 
^■ClS 0 a n^3tl-C. JWE^^^yiz-f. iI88<f#^©£ 
fflK:&3*lTI,>£. 

[0003)^2 tcmitinmn* * *) * £fi£*©#s. 

#JifeLED©|&#*y:/©#&£7}vf, S^fcjCCB. 
g«2 1©±K:, GaN<fc'5iCc4^77rl22 > nSt 
GaNJ:0^4nii3>f i' hH23£ 1 nSAlGa 
NJcO&SnS*?* K@2 4£. nllnGaNJ:? 
fc£r£ttli25£. piAlGaNiOftSpSf?? 
K126£. pSGaN«fcD^ipS5!3>5f^ H/S2 7 
£*<liBK:«B3*i/c^^i'^a»fi«:WL/-ri^ 0 rS 
tt!25©n3>I nGaNKBS i . GeSIOK^-* 
*&&5fcJ: Zn. Mg$<D7 fte?*-^® 

#K--7'3tvCfc<3. LED^T-©£:>ftfcg«. *©r£ 
1*feJI©I nGaN©I naS®£ib*£Mf &*\ «0<« 
jSttlCC K-7*«*^©«R*8ME"r*C£-e. 8£ 
J1-#fe*-C^b3#5C£^pHi6£%o-C(,>2) 0 31 

B$tc K-^SftfcJWfettftS 1 0 nm«T©LED*i0S 
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[0004] 

[|6W*sf5?*l/J:'5£T-5gPS] fi£fc©#feLE DBI© 

( I f ) 2 0 mA-CJIStfASE ( V f ) #3 . 
6V-3. 8V. ^ta*W3mWa<*f3. SiCi 
9&S#feLED£lt«?l/T2 0 ft^OISJtffl*** 

ras^isjmffi*m>©«P-n^4^)?SL-c 
%$mLxmtca>-c&z. c©<t5cc. Ji&^»fb3 

n-CC>-5LED«^K:l4fife©l«t^©-C-**^. 3 6 
10 KJKttffe&LED. LD©«fc9tt»*«-7-* J ««)6tiT 
(,»*. «*.«LEDOVf ttlHB©«fc9«:3. 6V~ 
3. 8 Vtl^filrMBfc&fiROTVS**. LD©<fc5K: 

m@<@^mgfflffl©^^ s c» wekt- **ht 4fc©K 

[0 00 5] fit -> r. :fclfciE«C©J: V<c*tt£ffli<&r 

fiS3ti/cfe©-C*0. -e©BW£-rs£c5«. y^* 
^*a*»©SHHIM|£3W*J: 0 tr Otttt* 3 

6{C(6)±3iiSC £«:*•). AttlflCcB. &:ftfS?T-©V 
f * 3 6 KfiT S * * C 4 K <fc 9 &£*A*KflEiifcX? 
20 ftHttrsciJc**. 
[000 6] 

a{b«j#3»*J8«iE®ffi£»'r4fliJ*>6Jitcr > 
-w»«*©iit>»-opaui^fc»*i»(*)i4. w- 
© p asf hinmmm <t*j^7^-fe^5f -tkimik© 
fit > mr © p smb^^**® £ c £ 1 1 

30 S. 

[0 00 7] 3 fcJCIfflSBISifcSR^Kfc^T. S-OpS 
»t**SM*©IWtt 0 . Um«T. 3 6 «c»* L, < 
5*5 00t>n Ha-AfetT. &<>»£l/<«2 0 0 

hp-A«T«:ia^-ri)„ o. lAtrnjc^tJi 

[000 8] 

[fl5«] pjf€-^+ + , ;7ifts©p^£<s*f 'jrm 
SLoprntfimsammw-e - 1 5 1 9 6 4^ 

40 ¥6- 1 5 1 965-«». WWHFB- 1 5 1 966WC 

GaN©**SE^(CJ;i9«36-r6. C©/c«>p - n«£ 
Wffi*Sig£Ur, c©«^wffi<toa3"*>4^ccn 

S!GaN)i?rfi*-i' 'J 7?gffi©n§?£iS* + 'JTigS© 
n+S!£L/. pSGaN*ffi*f 'J7iSS©p5?£. iS 
*t •;7«S©P4M£L/-Cl : >2). -eL/-ccn6zis© 
+ * ') 7SSJ: <3 -5 n@£ p fl £ C £ 

50 [000 9]-*. *WEdi«ia<c 
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4. y7Ji^a®&©f6*^«**8£©#fc#^ 
Kjt«i/T i o{stU:f&*tttt>#m>. st^t, MgEfi 

$R©<fc p P 4®t pSiOiffl^tJli^L-C 

-fbtdk. 400 -c«±-ct-- > y^f 0 C 4«C J: 
<)%£t£pmtLzmtz. c<Dtc*>*-ji>*+')7 

*»J&rSCi«BMrc**©t\ *&W-ciZT9*7 

[001013CK. *#WO«36*?-Blie*©J: 5(c p 
- n«^ffB*Wli l/Ct»*©-C«fc< . IEmffi©S 
fitii?:S* it/. c©iElIffi48r£ffi£i8i**iB«5i8g 
©31— ©P3U14LT, -e©^-©pS?BK:SLrfi^ 

«awiK©j(c©pai)i4i/"ci>*j^r»tt4. Ems 

Cc£T*R«S*4l/TpH*«RWSC4{Cj:i5 > V 
[0 0 1 1 ] S6tcWB&«tciBji«Sti*»3(aR^4. 

*. o . H5!a&$fl-ctti&i* ♦ y rigs© p -tM©* 

i*Wi©iMtt» 0 . 2 u m fiLhflc Wtitf »*3R? ©16* 

©!B-©p3!!®©]gJI£0. 2iim«±(C-r4i. Vf 
**»<ft6. Ctttt*&1»K-7'K£Steiltt©mK 

j: £&©•?**. je«*«ipi0i63C**-e»aRFia)ii« 

K©IS-©pSS)B©JgJ?«0. l.umKTt*4C4# 
Jf»U>. 0. 1 Mm«Tt-rSC4{Cj:0. J8)*WtC 

V f =&<ar $ a * c 4 awe* $. 

COO 1 2] 

f S. B 1 B*jfflB©-IB»W©»*3R^©1iJt*«r 
^C»ffflS'C&-5. C ©»*SS-T-«affi 1 ©±CO< » 7 
tJ12. nSO^ffUS, nS>5»Fi4.ffijt 
Jg5, pfi«9F16. 7**:/*-*M*li*K©ffi 
l>S~©p3iri:'*»MI7 2. 7J -b^f -^tt^ifi 
flDWSl»»-©pSi=i>$'f MB7 lenccSMOfctil 
JS*ml/ri>5. 36fC»— Opl3>Ji' MI7 1 K 
ttiEHS 9 *«3 ft. nMn>ffh®3 tctt£*tt 

(00131 HRlKttt7T -fr (AS, CE. RE 
*^tt) ©fife. S i C (6H, 4H£$ty) . ZnO, 
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S i , G a A s ©<k *) timXM^m 4 tt* *H£©S 
m. £/cNGO <**J?$A#y9AiMI:«) ©J:5«c 
MftWMSJIJ: Oft*Wb«*»#A«^JB*©jfii>* 

[0014]^?7rfl2(iGaN. A 1 N. Ga A 1 
N««MX.tf5 04->^X 1 um©|gjf 

TB)cfi3lf4C4^»*L<. m«MOVPEft«Cj: 
44 4 0 0*0-6 0 0 T:©<5S t'l&fi 4 CCJ:0 
^fiS-Ct-S. /<*7rli2ltS«Ui»t*MNH*4© 
10 1W^K**««r*A:»«:»W6*i*3&«. SiC. Z 
nO©J:5fcg{b^&#£te*£&* s £^*«. Stt 
&¥«#4t&*S^UcS«*&/t!T*ISKtt'< »7t 

[00 15] nS3>*? MR 3 «fc«ffi8 «0Jtt& 
St***). GaN, AlGaN. InA]GaNf4^ 

<. -e-©*rkGaN*ilft-r£C4K<fcf)£S©©tt 
t*4ff*U>*-3 7d»S«!*f#SC4*»T#4. 
S8©tt*44bT«m{*T i 4 A 1 . Ti4Au3?£ 
20 WKffl^Ctmi. 

[00 16] dB«» FJ14»GaN. AlGaN, 
I n A 1 G a 0 0 ^ h a- A- 

0. 5-tfm©«Wr«fiS"tt*C4jMf*l/<. •£©* 
TtGaN. A 1 GaN*iS«r*CtK«fc»)ISfitt© 
&C>Jlrt5f#6ft&. S/c. nfi?5 9 KH4. nS<="> 
FIB3©t»rft**OTrt"*C&fciiJIIB"e**. 4* 

niSa>f f hB4L-C(^fflf S. 
[00 17] rSffii5«^7 7 FliH'^Fft? 
30 yi**¥-#^3l>InGaN, InAlGaN, A 
1 G a N*©«fc*MMW*-C**lttll < . »KWffl©'< 

> k=t+ ^^Kio-c-f >yjA©«fiHt*aaaMi/ . 

'ft:I nGaNtcr*c4tftfgU>. */cr£1£Ji 5*01 
ABlnGaN/GaN, InGaN/InGaN (ffl 

fiWWi*) «?©»*^*>#r. ^ft^ftwffl^SJl 

fi. ^M^#^*fii>m©«1UB«:*$i>-c*>. rS14 
f«nl, pffll»-rtit?<>«i:ir>3ft». ^K/*> K— 7" («l 

anao) 4-r5c4«:«fco*ffl»g©iKt^oKiw»3t, n 
40 j&F&fe, »«i>aa-7#F«aA%^f96n. led 

( SQW : single quantum well) fiSiSS 
L/ < itPMS^^rP (MQW : multi quantum well) $ 
Jg4'T54^«Cia^©?Sl.»«*3R^-* 1 »e>*iS. SQ 
W. MQW4lJ/> K-^"© 1 nGaNlCt^fi^li 
W©»**«ff6tl4tSStt)i©lfa*JSL. WI^«SQW 
■C«r§14@*#-ifflfi£© I n,Ga,.,N (0^x< 1 ) 
-cmf&btc®V$>9, I n,Ga,.,N©^ll*l 0 0* 
>y^hO-AWT. S6K»*l/<«7 0*>yxh 
50 a-A«T4-r5C4(C<fc0a^(aM©5fit»|63fe*5f# 
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e>n*. SfcMQWttiffiJSttOgfc* I n»Ga,.,N 

(c<dj§^x=o. x= i%£t?) <Dnm^wmmuc 

aciKJOSWjiRaifcfc-C. fo3 6 5nm~6 6 0 
nm*V<D3&t1>mtite. S*t8i*©#FJI©/?3 i 

U>. £fifi*#Fflt&rtt#Flitt I n,Ga,.»N-C 
till&U P§SJ!ttl5jG< I n,Ga,.,N (Y<X C©J§ 

£Y=o*gt?) -cflifiJEr&cij&jaasu*. 

K tt#FBiPi£Ji£ I nGa N-CJfJJiSTStl^-a 10 
*n«. F7-**fi»*F-7T*4/>K-7©t>© 

KJt^T '< > fih&hius* s 6 wai < -r 4 C 4 a*c * 

t. Tf-fe^*-W«©*F-5 p LfciSttB«>IBC» 
?m®Z F-7bfciSttJB*SHIT*»£. r£&JI©$ 

5^m©BJrCfiSS3-li'SCiai-CSS. ffl 

jgiOT. iS1M*1««ri*ifc«l*»(*»©W5*» 30 
<t5ttttnSi'7 3' FB4i«14H5t©iai«:l n 
i&ts n S!©Sffc^*»(*<fc «3 % 2>mr.<D nl*7-; F 
B4 0*JBfiWSC£#gSlA>. 

[00 18] pffl*5? FB6WGaN. AlGaN. 

I n A 1 GaN9*W*.»<5 0 0*>y* hn--A~ 

0. 5/zm©H®'CsSfi$if2)Ci*l»*L.< > 
tffeGaN, A 1 GaN*a»?r*Ct(cJ:»)ttatt© 

[00 1 9] %K. #»W©WR"C**3>i r f Mi 7 40 

1. 7 2tcot,vrai' > <£. c©3>$i7 FB7 1 . 72 

<h\ #BW*©Vf*«TStf*C ^©fc 
©. C©=»>2* FIStt. iEm©9K:&7 ^B^T^t 

7* c >g*-©&< m»#j»(*b-c a z> m 

-©pg3>^H71t, ■5-©^-©p^3>^i' 
F IB «fc 0 fc r * * 7- * -TtttttiSBEftMBi >!&-©£{ 

50 
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[0 020]»-CpI3>*?H71, fc«fcO'g*r 

©p^3>^ ; j'F)a72 ttiBj-«a©«^t**jiw*"eJK 

fiE-rSC4^MSL.< . tff*.tfGaN. A 1 GaN. I 
nAlGaN*t««*4Ci«»T*4. *<D<PVb 
GaN*j^1"SCt«c*9iE*tt9©ttt»&#*lA> 

[002 1 ] i(Sigg©3l-©P§?:3>** FB7 1©T 
^Hs^*-^l««att»l x 1 0"~5X l O'Vcm* 
KWW&CtffSJU*. 1 * l 0"/crfJ:9«>fc 

1 0 ,, /cm , <fcOfeSit»<b^WCJ:0^kf)*«{*© 
MH14#1K 9 . V f *qR< ttftflMfC**. 
[0 022] ®iSS©m-©PS3>f * FB7 
2©7**7$r-3RMi*iftStt2 x 1 0"-5xi 0" 
/cm , ©«HKMB-j-*CA#a*H>. 2xlO"/c 
rf£9fcfib>£. pg£l/"C©«tSJW*<&*©'CVf 
3WB<tt*f»SlK*&. 5 x l o'VcrfiOWl'i 
SiSS©^-©?^^^^^ FB7 1 £©/<5>^ffi 

fj k < < . v f ©iaj±#* $ o tutu < «c a wane* 

[0023] 3>5»^HB7 1, 7 2©*-*+t';T 
WgtSlftcc fc&^fc «fc 5 tc . «{t*NMM*K F - 7* * 
7*fc7*-*w»©MHS*3Effc*-e4* s . **t>«r 

t>f7Z~?mfyikY--7Ucoy*9Yfel 1. 7 2 
4, 4 0 0^±r7--y>7T£CiiC«fc9!SS£"C 

-e©<a«tLrW. ffi§B7*fe7*-*H^S£-C4 0 0 
•C«±©T--^4tf ^CiJCfcO. + 
•J 7?g£*J J:* 1 x l 0"~5 x l 0 1 Vcro*©^-© 
p3>:3>** FH7 l*if#6n. HC<*-^+*y7 
jgS*s<t^ 1 x 1 0"~1 X 10"/' cnf ©SC©p9S 
3>^d^ FB7 2*i»6ni. 
[0 0 24] JS-©p^3>2? FB7 1 t»*K,»* 

Au^ty^fll^ffl^-SCi^-C**. NifcJ^'Au 
ZStsjEmmtiftlt pS!G a N <!:»$ 5 > J» * 

[0 025] *«l©IB6JIW-»«*J*MO V P E (W 
«^R«ffl)i6*ft) . MB E . H 

DVPE <iW F?-< KMBttAS) *©*««ftffi* 
fflivt, SfeJt4C I n.A 1 fc Ga,...„N (O^a. 0 g 

b. a+b^o 4ns. p a«©>wiai"ciwi-r 4 C t 

{Cio-Ctf^nS. nSf©Sft13J^*W/>F-7 r © 
t^ffc^^nS* 1 . Si, Ge. S«&©F:f-***$J 
«:i|SafiJcS+{C*iS{*IB*{C^Ar S C 4 (c J: o rf#6 

[0026] -H, pS©^k^«<*®WMg , Z 
n. Cd. Ca, Be. C3f©T 5'-te7'*-^*6^?:l3l 

c < tftcaiA-r scitcj:*)#?> 
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»4 0 0'CJiLh-CT--y>y*tf^C<tK:«J:0. se> 

lout b^pmmhhz. 

[0027] &kh 1 (DftycHtf-zmmicft^z. « 

TOH«fi0ll«MOVPEaK«t-5«S^47nUTl> 
5. 

[0 02 8] Jf, TMG ( F 9 A) iN 

Hj£*m». Kfc8»C-fey FUfci^T-CTStSl 
©CSJc 5 0 0 'CVC a NJ;<3 v v r IB 2 £5 0 

0 * > ?X F a - AOJgliSffiSfi § * S. 

[0029] ^CSS* 1 0 5 0*CgT-±tf . TMG, 10 
NH,fcJn*.S'5:/#X4JB<,». Si F"-7'n§!GaN 
if)S5nl3>f f FJB2 3*4 «im<DlWCl££3 

[0 0 3 0]«1>THR^ICTMA {Y l )*?>\>T)\> 
Sx-JA) £fln;L. BC< 1 0 5 0'CTS i F-^nB 
A l0.3Gao.7NJBJ:'3&*n*g4' vv KIB440. 1 

[003 1 ]#K:fig£8 0 0'C{CTtf. TMG. TM 

1 ( F vV7\>W>^9A) . NH,. D 

EZ (S/xf-jl/i^i/) S i+Zn F-^nS! 20 

I n0.05Ga0.95N J;9&Sr£ttJB5 £0. Um©I 

[00 32] i$acfiK£l 0 5 0*Cte±tf. TMG. T 
MA. NH,. Cp2Mg {i/90'<>9i?XS.fi,'79* 
i^A) Mg F-T'pSfA 1 0.3Ga0.7NJ:>3 

s. 

[0 0 3 3] 0 5 0'CTTMG. NH,. Cp2M 
g£fflt,>. Mg F-^piGaN<ti3&5^© P S3 

FJB7 2*0. 5/xm©jg/fT'fiXfi3-t*S. &fc 30 

c<nm-<j>vm^*tt> FJB©Mg?&a«i x 1 o 1 '/ 

cm* "C $>•?/<:„ 

[0 0 34] il>tl 0 5 0*CCCp2Mg©jiKfi?:^ 
<0T. Mg F-7'pMGaNJ:'3&£^-©p323> 
*9Vmi l*2 0 0*>^XH3-A©M^-CfiSg$ 
^*JC©^-©pM=>>f * FfB7 KDMgigg 
«2 x 1 0 l '/an»-ca-5/c. 
[0035] RtfafcTtft. fflK*3fl*"eWC$*- 
>\*£l&S&rt>i=>BK9HiL. 7 0 0"Ct"5x-A©7- 
-!;>y*tfC>. pMIB*$£K:<KJ6in<t-f £. 40 
±JB© P 3»3 > 2 ? FIB 7 ©Slffite^SWJBtftDV* ? 
^fi£t. nSSn^fi' f-JS3©^H*ia5ffi-r^*-Cx 
7?>^-T-5„ x 9 nS^** FJB3©S 

fflfcT i iA 1 «fc«3iiS^®8. m-©P^3>3'5' 
FJB7 1©*MCN i iAuJrOiiSIESffig*^^ 

•5. -5*-^£3 5 0umft©?7 7"K:# 

SlLfctg. LEDJS^iL/c. C©LEDJS^«I f 2 
OmA-C. Vf 3. IV. ^-Jijig4 5 0nm. 
¥fflflI7 0nm©#&l6#£*l/. **HJ*«3mWT 
*o/c. 50 
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[0 0 36] [IIJSW2] SlitWlK:*j(,»-cm-©PS 
3>**FI17 l©)iJf*5 0 0^>^Fa-Aif 
Sffe«i5jffitC0T&#$^£?#fc±t3. If 20m A 
CC*JI,>-C. Vf3. 2V. fS#ffl#tt««l5)— C*-? 

[0 03 7] [HftflS] HteWlK*jC»-C^-©pS 
3>i?i' FIB7 1©SJ3£0. 1 wmi-r?>ffe«Ii]«(C 
LTlfeftfE^f/ctC-S. I f 2 0mAtC*$l>-C. V 
f#3. 3V. H#ffi;t>2. 9mWT*o/i:. 

[0 0 3 8] [|0i#l4] Hi6«lK*Jt»'C»-©pSa 
3>^i» FJI7 l©JgJ¥£0. 3 ymtTSffe^lBlSKC 
Lmfcf&WffciC-S. I f20mA(CfcWVf 
B3. 7V£ft9. !6^tH^«2. 8mWC*o/c. 

[0 0 3 9] [XMM5] #9BWUC*ll>T. J&-©P 
SS3>*d? H7 2©MgrfiS£5 x l O'Vcirfi 
U S-©pS3>ii^ FJB7 l©MgigK£l x 1 0 
*Vcrf<frSf4«, liMaHcLTLED&^fffctC 

[0040] [$mme] mamfows 
^DW&zijkTm&mtMwm-e&z. com.*** 1 

EH©ffcfc3l*ig&*£C*tt. nS^7-;F14i 
^JB5i©Wttfrfc&M-,7 r JB£0T I n££tfn 
SXDm{m*m#£ 9ft* $B-<D nH'7»;Fi4 0 4 
BfiXLT(,^iC5-CA4. C©flOi'7 7F14 0 

«i o^->^ Fa-AJi(±. o. i umwrommv 

BfiLt2>C&a>miL<> 3 6>tC^— ©nS^^ 7 FIB 
4 0 £r£ttJ! 5 <Dmmi 300*>yxFP - AtlhK 
ri>i. I nigtsm-Onm*?? FJB4 Oi 1 n£ 

FJB4. pIl-7-; FJl6(Ci'^7^*SA6TMS14fi 
<J&g-CS£. 36tc. C©S-OnS>7-; FH4 0 

ii©rSttJB#$iJrci*. 4MM#ft<. a#«D»'tr>»* 

?:f#€>CiA5Tt.5„ WCOKHDnS??-; F14 
0«GaN-CfeJ:l,>. 

[0 04 1 ] C<m-<Dn%Li?7-j F14 01t r£tt)8 
5iA 1 iGai^nI?7-; F14i©fflO'<? 
7r)iiL-C^-rS. OS*) I niGaiSr^tfSB- 
Onli'7 7 F®4 0*5*SS©ttSi 
£Wl.T(,>£>©T\ A 1 iGai«r#tfnM^7 7 FIS 
4 i ffitte 5 1 ©JS^SSt^FH i MUKSMMK^K <t-^ 

5. nS*79 F«4{Cd'77 ^^A^JfttiOf. r§tt 
IB #Wttttfc93B O . r§tt)B©^^^R5* J ^^ < ft S . 
ol!0r£14IB4fi J F-#FflljStL//cCi«:J:0. ffittl 

©*§iitt#ii< ft-sor^m^A^A-r^o 3 6tc. 
$a*K<fc9fcm*j*«tA"r*. fit*© 




9 



C6) 



#K)¥.8 - 3 3 0 6 2 9 
10 



a/m±.t&<tZ>CttO:<0> 999fm. rS14H UfcACS. CCLED&^fc. If20mAtVf 

Itv -jtifihZVZVHtljtMc.. L*»L**»6iStt 3. 1 V. |6#fc---*&fi4 0 0nm©#e&Jfc£7r; 

o> m:®^m*v&iZi^<om2i>w&mc$w°i h;i>©*<Bifi«2 0nm"c*9. #$«:e*«g©iH>#e 

tfivz?, mm<pK.&&<Dm§,mi£.b. m i o o 4 5 i 

pWB?*S. A. ft^*fi«liiK©»-©pSlA-r*CA{C«tO. V 

[0042] JtftttfCIS. J0t«HC*»l>'CnS*9» f £ffiT3#£C A*i"C# 4©-C*jfc^* 5 l6]±-rSo 

KJ8 4 4J&fiS 8 0 0 "CtCTlf . TM ffi^TLED^Kffl^Sf ^X^U-f. HttJA 

G. TM 1 (h!M?*-f>s;9A) . NH S> fifi^tlKil/fcHWciJjUW^O^ttc^^-fX** 

Si F-?nfiI n0.0lGa0.99NJ:»)& Sirt. -€-©ffilgJ:©f<Jfflffifii«^:t K 

Zjg-<Dnm9 7"j F@4 0*5 0 0*>y^hO-A [EliB©tBWI&iBW] 

©JgJTCfiSgStfS. [H 1 } *»MO-»l«K«***»-T-®«ia*^ 

[0043] l^l(>tTMG, TM I . NH,*flH»»8 0 -TglSSBrffiia. 

0"C-CV>F-7n§SI no.05Ga0.95NJ:9tt*tStt [02] S£*©«jfe3R^©«lJS4*-r^»fiH0. 
«5*80*>WHa-AOlWt?lja8«.»B 20 [S3] **W©ft©**W«:«4»***©1iS* 

gum 1 a nwc L/T, ps*7jfi6. ^— © p a ^t&jsms. 

3>**M17 2 > *-©p3S=»>**H7 1*R» [8HW>BWIJ 

Sti-rLEDJR-f Alz/cAC*. C©LE DSJW*. I 1 • • • • «R 

f20mAT?Vf3. 1 V. ft££-?i££4 0 Onm 2 '<»7t1 

©»e«***i/. »#ffl#rai 2mwt*ofc„ 3 - • • - nM3,>mnm 

K. Ifeft;*^? hJU©^fi|i@«2 OnmT&O. -*fl»C 4- • • •nS?7-;Fl 

'a»K©fi(r»»*t^Lfc. 5 • • • • ffittE 

[0 04 4] [*JSW7] «»W6K*»C»-C. «HM5 6 • • • • p3!*^ » FJI 

©iffl(S4^>F-^I nO.O5GaO.95NJ:0ftS#F)l 72 - • • • 8 ~© P S3 > * 9 Ml 
42 5*>i^X hn-Ai. y>F-^I nO.oiGao. 30 7 1 • • • • m~<Dv£3>it 9 Ml 

99N<fc9&*p§igJi£5 0*>y;*hP-A©jgj?rj$ 8 - • • -sms 

C©Hlft:*2 6|51Jgr>iIU SteK^FII* 9 • • • • iES® 



[®i ] 



[02] 



[03] 




PATENT ABSTRACTS OF JAPAN 

(11 Publication number : 08-330629 
(43)Date of publication of application : 13.12.1996 

(51)Int.CI. H01L 33/00 

H01S 3/18 



1 "" ' '■ 

(2 1 Application number : 07-3 1 7844 


(71)Applicant 


: NICHIA CHEM IND LTD 


(22)Date of filing: 06.12.1995 


(72)Inventor : 


MUKAI TAKASHI 


i 

(30)Priority 






Priority number : 07 70989 Priority date 


29.03.1995 


Priority country : JP 



(54) LIGHT-EMITTING NITRIDE SEMICONDUCTOR ELEMENT 

(57)Abstract: 

PURPOSE: To obtain a light-emitting nitride 
semiconductor element which lowers a Vf (a forward 
voltage) by a method wherein a p-type layer forming a 
positive electrode is constituted of a heavily 
acceptor-doped first p-type layer and a lightly doped 
second p-type layer. 

CONSTITUTION: A contact layer is constituted of a first 
p-type contact layer 71 in which a layer coming into 
contact with a positive electrode 9 is formed as a heavily 
acceptor-doped first nitride semiconductor layer and a 
second p-type contact layer 72 as a second nitride 
semiconductor layer acceptoi^doped more lightly than 
the first p-type contact layer. The acceptor 
concentration of the first heavily doped p-type contact 
layer is adjusted to 1 x 1017 to 5 x 1021/cm3. The 
acceptor concentration of the second lightly doped 
p-type contact layer 2 is adjusted to a range of 2 x 101 5 
to 5 x 1020/cm3. The contact layer 71, 72 form the 
positive electrode 9, and they are layers which can form desirable ohmic contacts with the 
positive electrode 9. The closer they are perfect ohmic contacts, the more the Vf of a 
light-emitting element can be lowered. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the nitride semi-conductor light emitting device which has the barrier layer which emits 
light between n mold nitride semi-conductor layer and p mold nitride semi-conductor layer and which 
comes to form a positive electrode in p mold nitride semi-conductor layer front face Said p mold nitride 
semi-conductor layer is a nitride semi-conductor light emitting device characterized by including first p 
mold nitride semi-conductor layer with high acceptor impurity concentration, and second p mold nitride 
semi-conductor layer with acceptor impurity concentration lower than first p mold nitride semi- 
conductor layer sequentially from the side which touches a positive electrode, 
[Claim 2] The nitride semi-conductor light emitting device according to claim 1 characterized by the 
thickness of said first p mold nitride semi-conductor layer being 0.1 micrometers or less. 
[Claim 3] The nitride semi-conductor light emitting device according to claim 1 or 2 characterized by 
said positive electrode containing nickel and gold. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the light emitting device which consists of a nitride 
semi-conductor (InaAlbGal-a-bN, 0<=a, 0<=b, a+b<=l) used for light emitting diode (LED), a laser 
diode (LD), etc., and relates to the nitride semi-conductor light emitting device of terrorism structure to 
the double which has a barrier layer especially between n mold nitride semi-conductor layer and p mold 
nitride semi-conductor layer. 
[0002] 

[Description of the Prior Art] The nitride semi-conductor (InaAlbGal-a-bN, 0<=a, 0<=b, a+b<=l) is 
known as an ingredient of light emitting devices, such as LED, LD, etc. which emit light in ultraviolet - 
red. Using this semiconductor material, we announced blue LED with a luminous intensity of 1 cd in 
November, 1993, announced the bluish green color LED with a luminous intensity of 2 cds in April, 
1994, and announced blue LED with a luminous intensity of 2 cds in October, 1994. All of such LED 
are produced commercially and practical use of a current display, a road signal, etc. is presented with it. 
[0003] The structure of the luminescence chip of the conventional blue which becomes drawing^ from a 
nitride semi-conductor, and the bluish green color LED is shown. It has terrorism structure to the double 
by which the laminating of the buffer layer 22 which consists of GaN on a substrate 21, n mold contact 
layer 23 which consists of an n mold GaN, n mold cladding layer 24 which consists of an n mold 
AlGaN, the barrier layer 25 which consists of an n mold InGaN, p mold cladding layer 26 which 
consists of a p mold AlGaN, and the p mold contact layer 27 which consists of a p mold GaN was 
fundamentally carried out to order. Acceptor impurity, such as donor impurities, such as Si and 
germanium, and/or Zn, Mg, is doped by the n mold InGaN of a barrier layer 25, the luminescence 
wavelength of an LED component is changing the class of impurity which changes In presentation ratio 
of InGaN of the barrier layer, or is doped to a barrier layer, and it is possible to make it change to 
ultraviolet - red. LED with a luminescence wavelength of 5 lOnm or less on which a donor impurity and 
acceptor impurity were doped by current and the barrier layer at coincidence is put in practical use. 
[0004] 

[Problem(s) to be Solved by the Invention] As for the conventional blue LED, forward voltage (Vf) has 
the radiant power output of 20 times or more by forward current (If)20mA as compared with blue LED 
which 3.6V-3.8V, and a radiant power output become from those with about 3mW, and SiC. The thing 
with low forward voltage is because p-n junction is formed, and the thing with a high radiant power 
output is because terrorism structure is realized to double. Thus, although the engine performance of 
LED by which current utilization is carried out is very high, still more highly efficient LED and a light 
emitting device like LD are called for. For example, although Vf of LED has attained the low value of 
3.6V-3.8V as mentioned above, in order to realize the small light emitting device of electrode width of 
face or an electrode surface product like LD, it is necessary to reduce Vf further. 
[0005] Therefore, this invention is accomplished in view of such a situation, the place made into the 
purpose is to raise further the engine performance of the light emitting device which consists of a nitride 
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semi-conductor of terrorism structure to double, and it is in offering the component which was 
specifically excellent in luminous efficiency by reducing Vf of a light emitting device further. 
[0006] 

[Means for Solving the Problem] In the nitride semi-conductor light emitting device which the light 
emitting device of this invention has the barrier layer which emits light between n mold nitride semi- 
conductor layer and p mold nitride semi-conductor layer, and comes to form a positive electrode in p 
mold nitride semi-conductor layer front face It is characterized by said p mold nitride semi-conductor 
layer containing first p mold nitride semi-conductor layer with high acceptor impurity concentration, and 
second p mold nitride semi-conductor layer with acceptor impurity concentration lower than first p mold 
nitride semi-conductor layer sequentially from the side which touches a positive electrode. 
[0007] Furthermore in said light emitting device, 0.1 micrometers or less of 500 A or less of thickness of 
first p mold nitride semi-conductor are most preferably adjusted to 200A or less still more preferably. If 
thicker than 0.1 micrometers, the crystal defect by the impurity will increase in the crystal itself, and it is 
in the inclination for Vf to become high conversely. 
[0008] 

[Function] The technique which uses p layers as p+ mold of high carrier concentration and p mold of 
low carrier concentration is indicated by JP,6-151964,A, JP,6-151965,A, JP,6-151966,A, etc. The light 
emitting device indicated by these official reports emits light by gay junction of GaN. For this reason, an 
n mold GaN layer is used as n mold of low carrier concentration, and n+ mold of high carrier 
concentration in the direction which keeps away from this junction interface on the basis of a p-n 
junction interface, and the p mold GaN is used as p mold of low carrier concentration, and p+ mold of 
high carrier concentration. And by combining n layers which consist of these two steps of carrier 
concentration, and p layers, improvement in luminescence brightness is aimed at as a light emitting 
device is long lasting. 

[0009] On the other hand, the place where the light emitting device of this invention differs from said 
official report is a point which is using p type layer of the light emitting device of terrorism structure as 
second p type layer with low acceptor impurity concentration, and first p type layer with high acceptor 
impurity concentration to double. The light emitting device of terrorism structure has a high 10 or more 
time radiant power output to double as compared with the light emitting device of gay junction. 
Therefore, there is almost no increment in an output as for a combination of p+ mold and p mold about p 
type layer like said official report. By this invention, rather than a radiant power output, Vf of terrorism 
structure is reduced to double and it differs from a Prior art in that luminous efficiency is improved. 
Moreover, although carrier concentration is generally proportional to the concentration of acceptor 
impurity about about acceptor impurity, after doping acceptor impurity in a semi-conductor layer in the 
case of a nitride semi-conductor, it acts as a perfect p mold by performing annealing above 400 degrees 
C. For this reason, hole carrier concentration was changed with an annealing condition, annealing 
temperature, etc. in many cases, and since it is difficult to measure the exact carrier concentration when 
considering as component structure, by this invention, the light emitting device has been characterized 
by acceptor impurity concentration. 

[0010] Next, the light emitting devices of this invention differ at the point which has not been based on 
the p-n junction interface like before, and is using as second p type layer of low high impurity 
concentration the field which touches this positive electrode on the basis of the contact surface of a 
positive electrode in contact with that first p type layer as first p type layer of high high impurity 
concentration. Vf can be reduced by constituting p layers on the basis of the layer which touches a 
positive electrode. 

[001 1] The point that the light emitting device furthermore indicated by said official report differs from 
the light emitting device of this invention most is the thickness of p+ layer. That is, in said official 
report, if the thickness of the semi-conductor layer of p+ mold of high carrier concentration does not 
have 0.2 micrometers or more, the radiant power output of a light emitting device will decline, but in the 
light emitting device of this invention, if thickness of first p type layer of high high impurity 
concentration is set to 0.2 micrometers or more, Vf will become high. This is based on the crystalline 
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aggravation by the impurity dope. Conversely, as for the thickness of first p type layer of the high high 

impurity concentration in the light emitting device of this invention, it is desirable that it is 0. 1 

micrometers or less. By being referred to as 0.1 micrometers or less, it is possible to reduce Vf of a light 

emitting device effectively. 

[0012] 

[Example] 

The light emitting device of this invention is explained in full detail below the [example 1] based on a 
drawing. Drawin g 1 is the type section Fig. showing the structure of the light emitting device of one 
example of this invention. This light emitting device shows the structure which carried out the 
laminating of a buffer layer 2, n mold contact layer 3, n mold cladding layer 4, a barrier layer 5, p mold 
cladding layer 6, second p mold contact layer 72 with low acceptor impurity concentration, and the first 
p mold contact layer 71 with high acceptor impurity concentration to order on the substrate 1 . 
Furthermore a positive electrode 9 is formed in first p mold contact layer 71 , and the negative electrode 
8 is formed in n mold contact layer 3. 

[0013] The substrate of the nitride semi-conductor and grid mismatching like SiC (6H and 4H are 
included), ZnO and Si besides sapphire (the Ath page, C side, and the Rth page are included), and GaAs, 
a substrate with near nitride semi-conductor which consists of an oxide single crystal like NGO 
(neodium gallium oxide) and lattice constant, etc. can be used for a substrate 1. 
[0014] As for a buffer layer 2, it is desirable to grow up GaN, A1N, GaAIN, etc. by 50A - 0. 1 
micrometers thickness, for example, according to the MOVPE method, it can be formed by making it 
grow up at 400 degrees C - 600 degrees C low temperature. In order that a buffer layer 2 may ease the 
grid mismatching of a substrate 1 and a nitride semi-conductor, it is prepared, but a buffer layer may not 
be formed in case the substrate which carried out lattice matching to a nitride semi-conductor like SiC 
and ZnO, and a substrate with a near lattice constant and a nitride semi-conductor is used. 
[0015] n mold contact layer 3 is a layer which forms the negative electrode 8, it is desirable to grow up 
GaN, AlGaN, InAlGaN, etc. by 1 micrometer - 10 micrometers thickness, and the ingredient of the 
negative electrode and desirable ohmic contact can be acquired by choosing GaN also in it. As an 
ingredient of the negative electrode 8, Ti, aluminum, Ti, Au, etc. can be used preferably. 
[0016] As for n mold cladding layer 4, it is desirable to grow up GaN, AlGaN, InAlGaN, etc. by 500 A - 
0.5 micrometers thickness, and a crystalline good layer is obtained by choosing GaN and AlGaN also in 
it. Moreover, it is also possible to omit n mold cladding layer 4 or n mold contact layer 3. If either is 
omitted, the layer which remained will act as n mold cladding layer and an n mold contact layer. 
[0017] As for a barrier layer 5, it is more desirable than a cladding layer that bandgap energy sets the 
presentation ratio of an indium to InGaN changed suitably by the desired band gap especially that what 
is necessary is just nitride semi-conductors, such as small InGaN, InAlGaN, and AlGaN. Moreover, it is 
good also as multiplex quantum well structure which carried out the laminating of each thin film for the 
barrier layer 5 in combination, such as InGaN/GaN and InGaN/InGaN (presentations differ), single 
quantum well structure and multiplex quantum well structure ~ which barrier layer - also setting - a 
barrier layer - n mold and p mold - although any are sufficient, it is desirable, especially when 
luminescence between bands with narrow half-value width, exciton luminescence, or quantum well level 
luminescence is obtained and an LED component and LD component are realized by considering 
especially as a non dope (additive-free). If a barrier layer is made into single quantum well (SQW:single 
quantum well) structure or multiplex quantum well (MQW:multiquantum well) structure, a light 
emitting device with a very high output will be obtained. It is the layer which pointed out the structure 
of a barrier layer where luminescence between the quantum level by InGaN of a non dope was obtained, 
in SQW and MQW, for example, constituted the barrier layer from InXGal-XN (0<=X<1) of a single 
presentation at SQW, and strong luminescence between quantum level is obtained by making still more 
preferably 100 A or less of thickness of InXGal-XN into 70A or less. Moreover, MQW is taken as the 
multilayers which carried out two or more laminatings of the thin film of InXGal -XN (X= 0 and X= 1 
are included in this case) with which presentation ratios differ. Thus, luminescence to about 365nm - 
660nm is obtained by luminescence between quantum level by setting a barrier layer to SQW and 
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MQW. As thickness of the well layer of quantum structure, 70 A or less is desirable as mentioned above. 
Multiplex quantum well structure constitutes a well layer from InXGa<SUB>l-XN, and, as for a barrier 
layer, it is desirable to constitute by InYGal-YN (for Y= 0 to be included in Y<X and this case) 
similarly. Since it can grow up at the same temperature if a well layer and a barrier layer are especially 
formed by InGaN preferably, a crystalline good barrier layer is obtained. If 150A or less of thickness of 
a barrier layer is made into 120 A or less still more preferably, a high power light emitting device will be 
obtained. Moreover, a donor impurity and/or acceptor impurity may be doped to a barrier layer 5. If the 
crystallinity of the barrier layer which doped the impurity is the same as a non dope, and a donor 
impurity is doped, compared with the thing of a non dope, bands luminescence reinforcement can be 
strengthened further. Although peak wavelength can be brought to about 0.5eV low energy side rather 
than the peak wavelength of luminescence between bands if acceptor impurity is doped, half-value 
width becomes large. If acceptor impurity and a donor impurity are doped to coincidence, luminescence 
reinforcement of the barrier layer which doped only acceptor impurity can be enlarged further. When 
realizing the barrier layer which doped especially acceptor impurity, as for the conductivity type of a 
barrier layer, it is desirable to dope donor impurities, such as Si, to coincidence and to consider as n 
mold. A barrier layer 5 can be grown up by several angstroms - 0.5 micrometers thickness. However, 
when making thin thickness of the nitride semi-conductor layer which constitutes a barrier layer by 
making a barrier layer into single quantum well structure or multiplex quantum well structure, it is 
desirable to form second n mold cladding layer 40 which consists of a nitride semi-conductor of n mold 
containing In between n mold cladding layer 4 and a barrier layer 5. 

[001 8] As for p mold cladding layer 6, it is desirable to grow up GaN, AlGaN, InAlGaN, etc. by 500A - 
0.5 micrometers thickness, and a crystalline good layer is obtained by choosing GaN and AlGaN also in 
it. In addition, it is also possible to omit this p mold cladding layer 6. 

[0019] Next, the contact layers 71 and 72 which are the descriptions of this invention are described. A 
positive electrode 9 is formed, these contact layers 71 and 72 are layers which acquire a positive 
electrode 9 and desirable ohmic contact, and the more they are close to perfect OMIKKU, the more they 
can reduce Vf of a light emitting device. Therefore, this contact layer consists of the first p mold contact 
layer 71 which is the first nitride semi-conductor layer with high acceptor impurity concentration, and 
the second p mold contact layer 72 which is the second nitride semi-conductor with acceptor impurity 
concentration lower than that first p mold contact layer in the layer which touches a positive electrode 9. 

[0020] As for first p mold contact layer 71 and second p mold contact layer 72, it can be desirable to 
form with the nitride semi-conductor of the same presentation, for example, GaN, AlGaN, InAlGaN, etc. 
can be grown up. The ingredient of a positive electrode 9 and desirable ohmic contact can be acquired 
by choosing GaN also in it. 

[0021] As for the acceptor impurity concentration of first high-concentration p mold contact layer 71, it 
is desirable to adjust to 1x1017 to 5xl021-/cm3. It is in the inclination for the crystallinity of a nitride 
semi-conductor to worsen with an impurity if it is difficult to acquire an electrode and ohmic contact if 
lower than 1x101 7-/cm3 and it is higher than 5xl021-/cm3, and for Vf to become high. 
[0022] On the other hand, as for the acceptor impurity concentration of second low-concentration p 
mold contact layer 72, it is desirable to adjust to the range of 2x1015 to 5xl020-/cm3. If lower than 
2x101 5-/cm3, since the resistance as a p mold will become high, it is in the inclination for Vf to become 
high. If higher than 5xl020-/cm3, it will be hard to balance first high-concentration p mold contact layer 
71, and it is in the inclination it becomes impossible to desire improvement in Vf not much. 
[0023] Although the contact layers 71 and 72 which the concentration of the acceptor impurity doped to 
a nitride semi-conductor was changed, or doped acceptor impurity can be adjusted by carrying out 
annealing above 400 degrees C as the hole carrier concentration of the contact layers 71 and 72 was 
described above, it is difficult to measure an exact value. As a near value, by performing annealing 400 
degrees C or more by said acceptor impurity concentration, first p mold contact layer 71 of about 
1x1016 to 5xl019/of hole carrier concentration cm 3 is obtained, and, similarly second p mold contact 
layer 72 of about 1x1015 to lxl019/of hole carrier concentration cm 3 is obtained. 
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[0024] The metal which contains nickel and Au as an ingredient of the positive electrode 9 with which 
first p mold contact layer 71 and desirable OMIKKU are obtained can be used. The positive electrode 
containing nickel and Au can obtain especially the p mold GaN and desirable OMIKKU. 
[0025] The light emitting device of this invention is obtained using vapor growth, such as MOVPE 
(metal-organic chemical vapor deposition), MBE (molecular-beam vapor growth), and HDVPE (hydride 
vapor growth), by carrying out the laminating of InaAlbGal-a-bN (0<=a, 0<=b, a+b<=l) with 
conductivity types, such as n mold and p mold, on a substrate. Although the nitride semi-conductor of n 
mold is obtained also in the state of a non dope, it is obtained by introducing donor impurities, such as 
Si, germanium, and S, into a semi-conductor layer into crystal growth. 

[0026] On the other hand, although the nitride semi-conductor layer of p mold is obtained by similarly 
introducing acceptor impurity, such as Mg, Zn, Cd, calcium, Be, and C, into a semi-conductor layer into 
crystal growth, as stated above, still more desirable p mold is obtained by performing annealing above 
400 degrees C after acceptor impurity installation. 

[0027] Next, the light emitting device of drawin g 1 is described concretely. The following examples 
show the growth approach by the MOVPE method. 

[0028] First, the buffer layer 2 which becomes C side of the silicon on sapphire 1 set to the reaction 
container from GaN at 500 degrees C is grown up by 500A thickness using TMG (trimethylgallium) and 
NH3. 

[0029] Next, temperature is raised to 1050 degrees C and TMG and n mold contact layer 23 which 
consists of an Si dope n mold GaN using silane gas in addition to NH3 are grown up by 4-micrometer 
thickness. 

[0030] Then, TMA (trimethylaluminum) is added to material gas and n mold cladding layer 4 which 
similarly consists of an Si dope n mold aluminum0.3Ga0.7N layer at 1050 degrees C is grown up by 
0. 1 -micrometer thickness. 

[0031] Next, temperature is lowered to 800 degrees C and the barrier layer 5 which consists of Si+Zn 
dope n mold InO.05GaO.95N is grown up by 0.1 -micrometer thickness using TMG, TMI 
(trimethylindium), NH3, silane gas, and DEZ (diethyl zinc). 

[0032] Next, temperature is raised to 1050 degrees C and p mold cladding layer 6 which consists of Mg 
dope p mold aluminum0.3Ga0.7N is grown up by 0.1 -micrometer thickness using TMG, TMA, NH3, 
and Cp2Mg (magnesium cyclopentadienyl). 

[0033] Next, second p mold contact layer 72 which consists of a Mg dope p mold GaN using TMG, 
NH3, and Cp2Mg at 1050 degrees C is grown up by 0.5-micrometer thickness. In addition, Mg 
concentration of this second p mold contact layer was Ixl018-/cm3. 

[0034] Then, the flow rate of Cp2Mg is made [ many ] at 1050 degrees C, and first p mold contact layer 
71 which consists of a Mg dope p mold GaN is grown up by 200 A thickness. In addition, Mg 
concentration of this first p mold contact layer 7 1 was 2x 1 0 1 9-/cm3 . 

[0035] After reaction termination, temperature is lowered to a room temperature, a wafer is picked out 
from a reaction container, annealing of a wafer is performed at 700 degrees C, and p type layer is further 
formed into low resistance. Next, the mask of a predetermined configuration is formed in the front face 
of p mold contact layer 7 of the maximum upper layer, and it etches until the front face of n mold 
contact layer 3 is exposed. The negative electrode 8 which becomes the front face of n mold contact 
layer 3 from Ti and aluminum, and the positive electrode 9 which becomes the front face of first p mold 
contact layer 71 from nickel and Au are formed after etching. After electrode formation, after dividing a 
wafer into the chip of 350-micrometer angle, it considered as the LED component. This LED component 
was If20mA, with Vf3.1 V, 450nm of emission peak wavelengths, and a half-value width [ of 70nm ] 
blue luminescence was shown, and the radiant power output was 3m W. 

[0036] When thickness of first p mold contact layer 71 was made into 500A in the [example 2] example 
1 and also the light emitting device was obtained similarly, in IOOmA, VG.2V and a radiant power 
output were almost the same. 

[0037] When thickness of first p mold contact layer 71 was set to 0.1 micrometers in the [example 3] 
example 1 and also the light emitting device was obtained similarly, in If20mA, Vf(s) were 3.3V and 
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2.9mW of radiant power outputs. 

[0038] When thickness of first p mold contact layer 71 was set to 0.3 micrometers in the [example 4] 
example 1 and also the light emitting device was obtained similarly, Vf was set to 3.7V in If20mA, and 
the radiant power output was 2.8mW. 

[0039] In the [example 5] example 1 , when set Mg concentration of second p mold contact layer 72 to 
5xl017-/cm3, and Mg concentration of first p mold contact layer 71 was set to Ixl019-/cm3 and also 
the LED component was obtained similarly, the almost same property as an example 1 was shown. 
[0040] [Example 6] drawin g 3 is the typical sectional view showing the structure of the light emitting 
device concerning an example 5. The place where this light emitting device differs from the light 
emitting device of drawing 1 is just going to form second n mold cladding layer 40 which consists of a 
nitride semi-conductor of n mold which contains In as a new buffer layer between n mold cladding layer 
4 and a barrier layer 5. If it is desirable to form by thickness (10A or more and 0.1 micrometers or less) 
and it makes thickness of second n mold cladding layer 40 and a barrier layer 5 300A or more further, 
first n mold cladding layer 40 containing In and the barrier layer 5 containing In act as a buffer layer, a 
crack does not go into n mold cladding layer 4 and p mold cladding layer 6, but this second cladding 
layer 40 can grow up to be them with sufficient crystallinity. Furthermore, by growing up this second n 
mold cladding layer 40, the barrier layer of the quantum structure which does not dope an impurity is 
realizable, half-value width is narrow and high luminescence of an output can be obtained. In addition, 
GaN is sufficient as this second n mold cladding layer 40. 

[0041] This second n mold cladding layer 40 acts as a buffer layer between n mold cladding layers 4 
containing a barrier layer 5, and aluminum and Ga. that is, the lattice constant of the n mold cladding 
layer 4 and the barrier layer 5 which contain aluminum and Ga since second n mold cladding layer 40 
containing In and Ga has the property soft as a property of a crystal - there is work which absorbs 
distortion produced according to a coefficient-of-thermal-expansion difference as it is irregular. 
Therefore, since a crack does not go into a barrier layer 5 and n mold cladding layer 4 even if it makes 
thin thickness of the nitride semi-conductor layer which constitutes a barrier layer for a barrier layer as 
single quantum well structure or multiplex quantum well structure, a barrier layer deforms elastically 
and the crystal defect of a barrier layer decreases. That is, by having made the barrier layer into quantum 
well structure, since the crystallinity of a barrier layer becomes good, a radiant power output increases. 
Furthermore, if a barrier layer is made into quantum well structure, a radiant power output will increase 
according to the quantum effectiveness and the exciton effectiveness. In other words, by the 
conventional light emitting device, it had prevented that a crack went into a cladding layer and a barrier 
layer by thickening thickness of a barrier layer with 1000A or more. However, since distortion by the 
coefficient-of-thermal-expansion difference and the stacking fault has always started the barrier layer 
and the thickness of a barrier layer is over deformable critical thickness elastically in the conventional 
light emitting device, it cannot deform elastically, but many crystal defects are produced in a barrier 
layer, and it seldom shines in luminescence between bands. By forming this second n mold cladding 
layer 40, a barrier layer is able to raise the radiant power output of a light emitting device by leaps and 
bounds in the condition of quantum structure. 

[0042] After growing up n mold cladding layer 4 in an example 1, temperature is lowered to 800 degrees 
C and, specifically, second n mold cladding layer 40 which consists of Si dope n mold InO.01GaO.99N is 
grown up by 500A thickness using TMG, TMI (trimethylindium), NH3, and silane gas. 
[0043] Then, the barrier layer 5 which consists of non dope n mold InO.05GaO.95N at 800 degrees C 
using TMG, TMI, and NH3 is grown up by 80A thickness. When the rest grew up p mold cladding layer 
6, second p mold contact layer 72, and first p mold contact layer 71 and was used as the LED 
component like the example 1, this LED component showed blue luminescence of Vf3.1V and 400nm 
of emission peak wavelengths by If20mA, and the radiant power output was 12mW. Furthermore, the 
half- value width of an emission spectrum is 20nm, and showed luminescence with very sufficient color 
purity. 

[0044] In the [example 7] example 6, the barrier layer which becomes 25A from non dope 
In0.01Ga0.99N about the well layer which consists the presentation of a barrier layer 5 of non dope 
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InO.05GaO.95N is grown up by 50A thickness. This actuation was repeated 26 times, the laminating of 
the well layer was carried out to the last, and the barrier layer 6 with a total thickness of about 2000A 
was grown up. When the rest was used as the LED component like the example 6, this LED component 
also showed blue luminescence of Vf3.1V and 400nm of emission peak wavelengths by If20mA, and 
the radiant power output was 12mW. Furthermore, the half-value width of an emission spectrum is 
20nm, and showed luminescence with very sufficient color purity. 
[0045] 

[Effect of the Invention] As explained above, since the light emitting device of this invention can reduce 
Vf, its luminous efficiency improves by using as first p type layer of high acceptor impurity 
concentration, and second p type layer of low high impurity concentration p type layer which forms a 
positive electrode in double in the light emitting device of terrorism structure. Therefore, when the 
large-sized display and outdoor advertising plate using LED etc. is realized in large quantities, a device 
with little power consumption can be realized, and the utility value on the industry is large. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] The type section Fig. showing the structure of the light emitting device concerning one 
example of this invention. 

[Drawing 2] The type section Fig. showing the structure of the conventional light emitting device. 
[Drawing 3] The type section Fig. showing the structure of the light emitting device concerning other 
examples of this invention. 
[Description of Notations] 

1 .... Substrate 

2 .... Buffer layer 

3 .... n mold contact layer 

4 .... n mold cladding layer 

5 .... Barrier layer 

6 .... p mold cladding layer 

72 .... Second p mold contact layer 
71 .... First p mold contact layer 
8 .... Negative electrode 
9 .... Positive electrode 



[Translation done.] 
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